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PROCESS 

This invention relates to a process for controlling the hydrate mix of a compound, or 
a composition comprising the compound, the compound being capable of forming a 
plurality of hydration forms of differing stability. More particularly, this invention 
relates to a process for controlling the hydrate mix of a compound, or a composition 
comprising the compound, the compound being capable of forming a plurality of 
hydration forms of differing stability and also of dissolution to give a solution that, 
when frozen below the eutectic point, is a eutectic mixture. 

An example of a compound which exhibits a plurality of hydration forms is the 
disodium salt of fosfluconazole (hereinafter DSFF). DSFF is disclosed in 
W097/281 169 and has the following structure: 




15 A number of hydration states of DSFF have now been found to exist and it is 
hypothesised that these are the dodecahydrate (33.4% w/w water), hexahydrate 
(20.1% w/w water), trihydrate (1 1.2% w/w water) and monohydrate (4.0% w/w water) 
forms. The anhydrous fomn of DSFF is believed to be amorphous. While the tri- and 
hexahydrate forms of DSFF are both chemically and thermally stable, it has been 

20 found that certain hydrate fomris, such as the dodecahydrate, exhibit physical and/or 
chemical instability. While not wishing to be bound to any particular theory, it is 
believed that the eutectic form of DSFF is a dodecahydrate and it has been found 
that this dodecahydrate form is thermally unstable. Furthermore, it has been 
discovered that forms of DSFF which have a water content of from 4.0% w/w to 

25 11 .2% w/w are also chemically unstable. It is hypothesised that such a hydrate mix 
is a combination of tri- and monohydrate forms. Additionally, it has been found that 
samples of DSFF having a water content above the hexahydrate stoichiometry 
(20.1% w/w) collapse in a manner consistent with equilibration to the hexahydrate 
and water. Indeed, any composition comprising an unstable hydrate form, despite 

30 possibly containing stable forms, will decompose. 
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A stable hydration form of DSFF may be obtained by crystallisation from either 
acetonitrile/water or isopropanol/water mixtures. However. In order for the resulting 
product to be useful as a drug it must be sterile, but sterile recrystallisation is neither 
5 trivial nor economical. 

Lyophilisation is a well known technique for the stabilisation of labile products which 
would othenvise be susceptible to biological or chemical degradation. The process 
has established itself as the standard method for the stabilization of many drug 
10 substances in the solid state to produce products of superior quality and stability. 

It is well known in the art that for lyophilisation to take place a solution must be 
cooled to a temperature below which further cooling does not affect the phase 
composition, the so called eutectic temperature. Classical textbook models suggest 

15 that thermodynamic equilibrium eutectic freezing is universal. However, it is 
recognised in the art that it only occurs in the minority of frozen solutions and, 
actually, in the majority of cases a glass is formed. F. Franks, Cryo-Letters, 11., 93- 
110, 1990 teaches that the events taking place in a solution during the freezing 
process can seldom be predicted from equilibrium phase diagrams. In practice the 

20 solutes either incompletely precipitate or do not precipitate at all. 

DSFF, however, is an example of a compound which is unusual, in that upon 
freezing it does conform to the classical models and precipitates from solution. 

25 A typical freeze-drying process involves reducing the temperature of a compound, or 
a composition thereof, to below its "collapse" temperature. For a compound or 
composition thereof which undergoes crystallisation upon cooling, i.e. which behaves 
according to classical models, the collapse temperature will be the eutectic 
temperature. For a compound or a composition thereof which does not crystallise, or 

30 does so only partially, the collapse temperature will be the glass transition 
temperature of the freeze concentrate. Once the appropriate temperature conditions 
have been applied, the pressure in the apparatus is reduced from atmospheric 
pressure to from about 83.3 Pa to about 5.3 Pa, in order to sublime the ice from the 
frozen product This is the primary drying phase. Ideally the temperature of the 

35 shelves in the apparatus should be kept below the collapse temperature of the 
compound or composition until all of the ice has been removed. However, it is 
common practice to increase the temperature in an attempt to speed up the process. 
In this situation, the shelf temperature must be kept to a level such that the heat 
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coming into the system is balanced by the heat and mass transfer leaving the 
system, in order that the product never warms above its temperature of collapse. 
For the majority of compounds or compositions thereof, i.e. those which do not 
behave according to classical models, if the primary drying phase is extended 
5 beyond the time at which sublimation of the ice has been completed there is little 
effect. Once the primary drying phase has been completed, an amorphous 
compound will still typically contain a substantial amount of water (e.g. about 30% to 
about 50% by weight). Therefore, a secondary drying phase is undertaken to effect 
complete dehydration of the compound. The secondary drying process involves 
10 increasing the temperature of the shelves in the apparatus from below the collapse 
temperature to from about 25°C to about 30''C. 

However, it has been discovered that some compounds, and compositions thereof, 
more particularly those exhibiting a plurality of hydration forms of differing stability, 

15 may be deleteriously affected by being subjected to such a secondary drying phase. 
For example, when DSFF is subjected to a typical freeze-drying process a product is 
produced which has a water content of about 1.2% w/w, i.e. below its monohydrate 
stoichiometry (4.0% w/w water). This form of DSFF is chemically unstable and 
degrades. Furthermore, it has been discovered that forms of DSFF which have a 

20 water content of from 4.0% w/w to 1 1 .2% w/w are also chemically unstable. It is 
hypothesised that such a hydrate mix is a combination of tri- and monohydrate 
forms. Additionally, it has been found that samples of DSFF having a water content 
above the hexahydrate stoichiometry (20.1% w/w) collapse in a manner consistent 
with equilibration to the hexahydrate and water. 

25 

The hydrate mix of a compound could, in principle, be controlled by a process which 
controls the Relative Humidity (RH) to which the compound is exposed. Such a 
process would comprise subjecting the compound or composition to a standard 
drying cycle in a freeze-drying apparatus followed by rehydration by providing a gas 

30 having an appropriately selected RH at a controlled temperature. However, in 
practice there would be a multitude of significant problems associated with such a 
process. Firstly, as discussed above, it is vital that compounds and compositions are 
prepared in sterile form when they are to be used for pharmaceutical purposes. This 
results in the significant practical problem of ensuring that the moist rehydration gas 

35 does not lead to corrosion or microbial contamination of the associated delivery 
system, which would severely impact on the economic viability of such a process. 
Furthermore, the rate of rehydration of the intermediate might not be sufficiently high 
to afford an economically viable process. In addition, it is possible that the 
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compound or composition would be dried to the point that an unstable intermediate 
might be formed, which would mean that the end product of the process would be 
contaminated and therefore unacceptable for pharmaceutical use. 

5 The apparent instability of compounds having a mixture of unstable and stable 
hydration states (e.g. the compound DSFF as a mixture of mono- and tri-hydrates) 
limits their potential utility as drugs owing to poor shelf life and there is a need in the 
art, therefore, for a process of producing a stable hydrate mix of such compounds. 
In particular there is a need in the art for a process for producing a mixture of the tri- 

1 0 and hexahydrate forms of DSFF. 

Surprisingly, we have now found that a compound having a mixture of unstable and 
stable hydration states can be treated by the process of the current invention to 
provide a corresponding hydrate mix which is both chemically and thermally stable 
15 and can be prepared in a reproducibly facile and economically viable manner. 

The present invention provides a process for the preparation of a stable hydrate mix 
of a compound, or a composition comprising the compound, the compound being 
capable of fomning a plurality of hydration forms of differing stability and of 
20 dissolution to give a solution that, when frozen below the eutectic point, is a eutectic 
mixture, comprising: 

a) providing a quantity of an aqueous mixture containing the compound or 
composition thereof in a suitable vessel in a freeze-drying apparatus; 

b) reducing the temperature in the apparatus to bring about freezing and eutectic 
25 solidification; 

c) reducing the pressure in the apparatus to below the saturation vapour pressure 
(SVP) of water over ice at the temperature of the ice; 

d) maintaining the apparatus at a pressure below the SVP and, optionally, 
increasing the temperature in the apparatus to facilitate sublimation, until all of 

30 the ice has been sublimed; 

e) maintaining the apparatus at the pressure and temperature conditions 
according to step d) until the desired water content has been obtained; and 

f) either: 

increasing the pressure in the apparatus to from about 60% to about 
35 100% of atmospheric pressure (about 60.8 kPa to about 101.3 kPa) and 

subsequently adjusting the temperature in the apparatus to from about 
5°C to about 30°C; 

or 
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adjusting the temperature in the apparatus to from about S^'C to about 
SO^'C and subsequently increasing the pressure in the apparatus to from 
about 60% to about 100% of atmospheric pressure (about 60.8 kPa to 
about 101.3 kPa). 

5 

Water in a solution will freeze at temperatures of from about -2°C to about -15*^C. 
Eutectic solidification is key to the invention; that is, all of the bulk, or freezable, 
water in the samples of compound contained within the freeze-drier apparatus must 
be frozen during step b). Unfortunately it is not possible to measure the exact point 
10 at which freezing is completed within the samples, nor is it possible to measure the 
exact point when the product crystallises. Preferably, therefore, the temperature 
selected in step b) is from about -10°C to about -50°C, more preferably from about 
-20*^0 to about -40°C and most preferably the temperature is about -SO^'C, to ensure 
that freezing and crystallisation are completed. 

15 

The pressure selected in step c) should be below the SVP of water over ice at the 
temperature of the ice, i.e. at the compound or composition temperature. If a 
pressure above the SVP is used then there is a significant reduction in the driving 
force present to encourage the ice to sublime because the gas phase is saturated. 

20 As the pressure is lowered the driving force is increased, but if the pressure is too 
low the drying rate slows. This is because the heat transfer in the drier is mainly 
through the gas phase, even at reduced pressures. Therefore, at very low pressures 
the rate of heat input is decreased resulting in the reduction in the drying rate. 
Preferably, therefore, the pressure selected in step c) is from about 1 to about 

25 250Pa, more preferably from about 2 to about 125Pa and most preferably about 4 to 
about 75Pa (e.g. about 8Pa) 

Subliming water molecules remove energy, which results in a decrease in 
temperature of the ice within the compound or composition during the primary drying 

30 phase of the process. If the rate of sublimation of the ice from the sample is to be 
increased, the temperature must also be increased, as optionally indicated in step d) 
of the process. Whether the temperature of step d) represents an increase or not 
will, necessarily, depend on the temperature selected during step b), but typically the 
temperature selected in step d) is from about -50°C to about 50°C, such as from 

35 about -25''C to about O'^C, preferably about -IS^C. A higher temperature than 50°C 
must not be selected because there Is a danger that the ice will not sublime but will 
pass into the liquid phase. 
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The apparatus is maintained at the conditions selected in step d) in order to remove 
the ice from the compound. However, as mentioned above, it has been discovered 
that certain compounds will continue to dehydrate, if maintained under reduced 
pressure conditions, once all of the ice has sublimed and this can have a deleterious 
5 affect on the quality of the resulting product. It is known in the art that a standard 
pressure rise test (PRT) will indicate the point of completion of the primary drying 
cycle (i.e. the sublimation stage). However, for compounds that continue to 
dehydrate once the sublimation has been completed, the rate at which water leaves 
the crystal structure may be sufficiently high that the PRT is passed significantly later 
10 than would be expected from sublimation of ice alone. Preferably the drying process 
is monitored at intervals of about one hour. Once the PRT has been passed the 
compounds may continue to dehydrate and an additional drying period may be 
required to give a product of the desired water content. This is the dehydration 
phase (e), which immediately follows the sublimation phase. 

15 

The duration of dehydration phase (e) depends upon the particular compound or 
composition, the vial diameter and fill volume and the type of drier used. The 
dehydration phase removes sufficient water from the compound to encourage 
formation of stable hydration forms and prevent the formation of unstable hydration 
20 forms. Should he dehydration phase be allowed to continue for longer than 
necessary, unstable hydration forms of the compound may be obtained, leading to 
instability. Typically the duration of the dehydration phase will be from 0 to 100 
hours, such as 0 to 50 hours, preferably 6 to 30 hours, for example about 8, 12 or 28 
hours. 

25 

With respect to step f), an increase in the pressure in the freeze-drying apparatus 
slows the dehydration phase sufficiently that the temperature may be increased to 
facilitate stoppering of the vials, thus allowing a stable hydrate mix to be achieved, 
although the order of these steps is not critical. Stoppering is conveniently carried 
30 out at 5°C and 88% atmospheric pressure (i.e. 89.2kPa). 

This process may be applied to any compound, or composition, thereof, which 
exhibits multiple hydration forms of differing stability and which is also capable of 
dissolution to provide a solution which, when frozen, is a eutectic mixture. In 
35 particular this process may be applied to the production of a stable hydrate mix of 
DSFF. Preferably the final water content of the stable hydrate mix of DSFF is from 
about 11% to about 20% w/w, more preferably, from about 14% to about 17% w/w, 
most preferably from about 15% to about 16% w/w, such as about 15 %. 
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By way of illustration only, examples of the process conditions used to prepare a 
stable hydrate mix of DSFF will now be described. All examples were run in a Virtis 
Pilot Drier having an eight square foot shelf area and a condenser temperature of 
5 -Se^'C. 7.5 mTorr is equivalent to 1 Pa. 

Example 1 

Vials (1320) having an internal diameter of 21 .35 mm and a neck diameter of 20 mm 
were filled with 1.6 ml of a solution comprising 100.88 mg/ml fosfluconazole in 

10 NaOH/citric acid, adjusted to pH 9.05, thereby providing 179.8 mg of DSFF. The 
vials were placed in the drier and frozen at a shelf temperature of -30 for 3 hours. 
The shelf temperature was then increased to -1 5 and the pressure reduced to 8 
Pa to facilitate sublimation. The PRT was passed at approximately 26 h after the 
start of ice sublimation and the samples dried for a further 12 hours before 

15 terminating the cycle by stoppering at 5 and 89.2 kPa pressure. The product was 
a stable hydrate mix with a mean water content of 1 1 .7 % w/w. 



Loading 
Freezing 



Temperature/°C Pressure/mTorr Time/hrs 

5 



Evacuation 
Primary Drying 



Dehydration Phase 



5 0.50 

-30 1.47 

-30 4.47 

-30 60 4.97 

-30 60 5.13 

-15 60 5.55 

-15 60 7.55 

-15 60 17.55 

-15 60 22.55 

-15 60 25.55 

-15 60 26.55 

-15 60 27.55 

-15 60 28.55 

r15 60 29.55 

-15 60 30.55 

-15 60 42.55 
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Exampi 2 

Vials (1173) having an internal diameter of 22.6 mm and a neck diameter of 20 mm 
were filled with 2.8 ml of a solution comprising 100.88 mg/ml fosfluconazole in 
NaOH/citric acid, adjusted to pH 9.05, thereby providing 314.6 mg of DSFF. The 
5 vials were placed in the drier and frozen at a shelf temperature of -30 for 3 hours. 
The shelf temperature was then increased to -15 and the pressure reduced to 8 
Pa to facilitate sublimation. The PRT was passed at approximately 47 hours after 
the start of ice sublimation and the samples dried for a further 12 hours before 
terminating the cycle by stoppering at 5 °C and 89.2 kPa pressure. The product was 
10 a stable hydrate mix with a mean water content of 14.6 % w/w. 

Temperature/°C Pressure/mTorr Time/hrs 



Loading 


5 






Freezing 


5 




0.50 




-30 




1.47 




-30 




4.47 


Evacuation 


-30 


60 


4.97 


Primary Drying 


-30 


60 


5.13 




-15 


60 


5.55 




-15 


60 


7.55 


PRT Intervals 


-15 


60 


17.55 




-15 


60 


27.55 




-15 


60 


37.55 




-15 


60 


47.55 




-15 


60 


49.55 




-15 


60 


50.55 




-15 


60 


51.55 


Dehydration Phase 


-15 


60 


63.55 



Example 3 

Vials (1173) having an internal diameter of 22.6 mm and a neck diameter of 20 mm 
15 were filled with 5.4 ml of a solution comprising 100.88 mg/ml fosfluconazole in 
NaOH/citric acid, adjusted to pH 9.05, thereby providing 606.8 mg of DSFF. The 
shelf temperature was then increased to -1 5 and the pressure reduced to 8 Pa to 
facilitate sublimation. The PRT was passed at approximately 96 h after the start of 
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ice sublimation and the samples dried for a further 12 hours before terminating the 
cycle by stoppering at 5 ®C and 89.2 kPa pressure. The product was a stable 
hydrate mix with a mean water content of 16.9 % w/w. 



Temperature/''C Pressure/mTorr Time/hrs 

Loading 
Freezing 



Evacuation 
Primary Drying 



Dehydration Phase 



5 






5 




0.5 


-30 




1.47 


-30 




4.47 


-30 


60 


4.97 


-30 


60 


5.13 


-15 


60 


5.55 


-15 


60 


7.55 


-15 


60 


17.55 


-15 


60 


27.55 


-15 


60 


37.55 


-15 


60 


47.55 


-15 


60 


57.55 


-15 


60 


67.55 


-15 


60 


77.55 


-15 


60 


87.55 


-15 


60 


88.55 


-15 


60 


89.55 


-15 


60 


90.55 


- 1 %j 




9 1 .Q9 


-15 


60 


92.55 


-15 


60 


93.55 


-15 


60 


94.55 


-15 


60 


95.55 


-15 


60 


96.55 


-15 


60 


97.55 


-15 


60 


98.55 


-15 


60 


99.55 


-15 


60 


100.55 


-15 


60 


112.55 
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Example 4 

When the process is applied to DSFF the product is found to have a water content 
consistent with a stoichiometry between the hexa- and trihydrate forms. Powder 
X-ray Diffraction (PXRD) analysis of the product suggests that immediately after 
5 processing it has little long-range order, but that it does, however, have a high 
degree of crystallinity, see Figure 1. The crystallinity of the sample is seen to 
increase after a storage period of several weeks. The PXRD pattern of the sample 
can be interpreted as a mixture of tri- and hexahydrate forms of DSFF. This mixture 
is both chemically and thermally stable. 

10 

Not wishing to be bound by any particular theory, it is thought that a significant 
change in structure, as might on first inspection be implied by the PXRD analysis, 
does not actually occur; the molecules within the sample are thought to be in a 
crystalline array. Rather, removal of water molecules during the drying process 
15 results in disordered distribution of those water molecules remaining in the sample 
and, it is believed, it is this disordered distribution of water molecules which disrupts 
the repetitive long range repeating order (Figure 1 - INITIAL). Over time the system 
equilibrates such that the water molecules redistribute and their resulting distribution 
no longer disrupts the repetitive long range repeating order (Figure 1-3 WEEKS). 

20 
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Claims 

1. A process for the preparation of a stable hydrate mix of a compound, or a 
composition comprising the compound, the compound being capable of forming 
5 a plurality of hydration forms of differing stability and of dissolution to give a 

solution that, when frozen below the eutectic point. Is a eutectic mixture, 
comprising: 

a) providing a quantity of an aqueous mixture containing the compound or 
composition thereof in a suitable vessel in a freeze-drying apparatus; 
10 b) reducing the temperature in the apparatus to bring about freezing and eutectic 
solidification; 

c) reducing the pressure in the apparatus to below the saturation vapour pressure 
(SVP) of water over ice at the temperature of the ice; 

d) maintaining the apparatus at a pressure below the SVP and, optionally, 
15 increasing the temperature in the apparatus to facilitate sublimation, until all of 

the ice has been sublimed; 

e) maintaining the apparatus at the pressure and temperature conditions 
according to step d) until the desired water content has been obtained; and 

f) either: 

20 increasing the pressure in the apparatus to from about 60% to about 

100% of atmospheric pressure (about 60.8 kPa to about 101.3 kPa) and 
subsequently adjusting the temperature in the apparatus to from about 
5°C to about 30°C; 

or 

25 adjusting the temperature in the apparatus to from about S'^C to about 

30^C and subsequently increasing the pressure in the apparatus to from 
about 60% to about 100% of atmospheric pressure (about 60.8 kPa to 
about 101.3 kPa). 

30 2. A process according to claim 1 wherein the temperature of step b) is from about 
-10°C to about -50X. 

3. A process according to claim 1 or 2 wherein the temperature of step b) is from 
about -20^C to about -40^C. 

35 

4. A process according to any preceding claim wherein the temperature of step b) 
is about -30°C. 
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5. A process according to any preceding claim wherein tlie pressure in step c) is 
from about 1 Pa to about 250Pa. 

6. A process according to any preceding claim wherein the pressure in step c) is 
from about 2Pa to about 125Pa. 

7. A process according to any preceding claim wherein the pressure in step c) is 
from about 4Pa to about 75Pa. 

8. A process according to any preceding claim wherein the temperature in step d) 
is from about -SO^'C to about SO'^C. 

9. A process according to any preceding claim wherein the temperature in step d) 
is from about -25°C to 0°C, 

10. A process according to any preceding claim wherein the temperature in step d) 
is about -15°C. 

11. A process according to any preceding claim wherein the drying process is 
monitored by applying a standard pressure rise test in the freeze drying 
apparatus. 

12. A process according to claim 11 wherein the drying process is monitored at 
intervals of about one hour. 

13. A process according to any preceding claim wherein the duration of step (e) is 
from 0 to 100 hours. 

14. A process according to any preceding claim wherein the duration of step (e) is 
from 0 to 50 hours. 

15. A process according to any preceding claim wherein the duration of step (e) is 
from 6 to 30 hours. 

16. A process according to any of the preceding claims wherein the compound or 
composition comprises the disodium salt of fosfluconazole. 
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17. A process accx)rding to claim 12 wherein, the final water content of the stable 
hydrate mix is from about 11% to about 20% w/w. 

18. A process according to claim12 or claim 13 wherein, the final water content of 
5 the stable hydrate mix is from about 14% to about 17% w/w. 

19. A process according to claim12 or claim 13 wherein, the final water content of 
the stable hydrate mix is from about 15% w/w. 
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The disodium salt of fosfluconazole in the form of its trihydrate, its hexahydrate, 
or as a mixture of tri- and hexahydrates. 
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Abstract 

This invention relates to a process for controlling the hydrate mix of a compound, or 
a composition comprising the compound, the compound being capable of forming a 
plurality of hydration forms of differing stability and also of dissolution to give a 
5 solution that, when frozen below the eutectic point, is a eutectic mixture 
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Figure 1 
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PXRD analyses of freeze dried DSFF: (a) shortly after drying (initial);and 

(b) after storage for 3 weeks. 



